A. Do new cases of rheumatoid arthritis cluster in time or in space? International Journal of Epidemiology 1997; 26: 628-634. Objectives. To examine for evidence of clustering in time, in space and in space/time in the occurrence of rheumatoid arthritis (RA). Setting. A population-based incidence register of RA in the East Anglian region of the UK: population size 413 000. Subjects. In all 687 new cases of inflammatory joint disease registered between 1 January 1990 and 31 December 1994 were studied. Population data were obtained from postcode areas by age and sex. Analysis. Time trend analysis was conducted over the first 36 months and observed and expected distributions compared. Spatial clustering was based on comparison of observed distribution using map grid references to random expectation based on simulation. A similar procedure was undertaken for time/space clustering. Results. There was no evidence of a time trend. There was only modest evidence of spatial clustering with non-random distribution observed in one area but there was no evidence of time/space clustering. Conclusion. Although a viral aetiology is the strongest candidate for RA, no evidence of a localized event in time was associated with disease development in this population.
Rheumatoid arthritis (RA) is a chronic disease of unknown aetiology. Important genetic influences on disease susceptibility are suggested by a fourfold greater monozygotic than dizygotic twin concordance rate, [1] [2] [3] and a relative risk of 4-5 for the possession of specific alleles of the HLA-DRB1 gene. [4] [5] [6] It is likely though that there are also major environmental influences given that the monozygotic twin concordance rate is only about 15%. 3 The incidence of RA is declining in a number of populations. [7] [8] [9] In the absence of any artefactual explanation, such as changing disease classification, this provides further evidence for an environmental effect.
Viral or other micro-organism infection is the strongest candidate for an environmental trigger. [10] [11] [12] However, despite intensive effort, no clear candidate has emerged. It is likely, given the relatively uniform worldwide distribution of the disease, 13 that no single agent is responsible for explaining disease development between populations. There are, however, few data on geographical variation within a population. Against this background, the presence of RA disease clustering, either in time or space, would provide useful clues in the search for a point source of exposure, with a specific focus on the possible role of infection. In order to investigate this, it is necessary to have a register of all incident cases that arise within a target population. Most incidence studies have been based on retrospective review of clinic ascertained cases 14, 15 in whom the disease has been present for some time prior to presentation. Such an approach would miss those with early remitting disease.
The Norfolk Arthritis Register (NOAR), based in the East Anglian Region of the UK, is a unique true population based register of new cases of inflammatory joint disease. 16 In this report we investigate whether there is any evidence of non-random distribution of cases either in time, in space, or in space/time.
SUBJECTS AND METHODS

Subjects
The cases included in this analysis were all cases registered with NOAR between 1 January 1990 and 31 December 1994. The details of case ascertainment and verification are provided elsewhere. 16 In brief, the target population comprises all adults registered to receive primary health care from general practitioners (GPs) within the Norwich Health Authority (NHA). All GPs within the NHA were asked to notify NOAR of all new attenders at their practice with joint swelling in two or more joint groups. Following notification, the individuals are seen by one of NOAR's survey nurses and receive a structured clinical interview and examination. Blood is taken for rheumatoid factor estimation by a tube latex test with a titre of у1:40 being considered positive. Given the early nature of the disease X-rays are not obtained at registration. Cases are classified according to whether they satisfy the 1987 ARA criteria 17 for RA at registration (RA group) or not (undifferentiated inflammatory polyarthritis, UIP group). As this distinction is somewhat arbitrary, all analyses were undertaken on the entire case group and on the subgroup with RA.
Population Data
Data on the denominator population were taken from the files of the primary care administrative authority for the NHA for 1994, stratified by age and sex. The subjects were all resident in one of 36 postcode areas and the denominator population registered with the NHA for each of these areas was obtained from the same source.
Analysis for Time Clustering
For this analysis the time of onset was taken as the month the patient reported first onset of joint swelling. In many cases the onset is insidious and there may be a delay of several months before the individual seeks medical attention. Inclusion criteria for this analysis were therefore (i) onset after 1 January 1990, (ii) notification to NOAR within 24 months of onset. Analysis for time clustering was undertaken on the first 3 years of data. Thus all notifications received up to 31 December 1994 of onsets between 1 January 1990 and 31 December 1992 were included. Analysis was undertaken separately for each of the 36 individual months and then aggregated across the 3 years to identify any seasonal trend. Separate analysis was undertaken for the RA, the UIP and both groups combined. The observed distribution over time was compared with that expected and tested using the Kolmogorov-Smirnov test. 18 
Analysis for Space Clustering
Initially postcode specific incidence rates were calculated for each of the 36 postcode areas, age-and sexadjusted to the total NHA population and the rates were mapped to examine for clustering of high and low risk areas.
Formal analysis for spatial clustering was based on a comparison between the geographical distribution of the cases and that of a random series of controls within the same population. The latter was obtained from matching each case with three controls drawn at random from the NHA register, matched for sex and year of birth. (The subsequent analysis ignored the matching.) The full postcode for each of the cases and controls was plotted using the UK Central Postcode Directory which permitted allocation of a Map Grid Reference to each individual with a resolution of 100 metres. 19 The method involved calculating for each case the frequency of other cases with increasing distance. The spatial function K s was then calculated as the mean number of cases with increasing distance of a given case, scaled by the overall density of points within the study region. 20, 21 This procedure was repeated separately for the controls. The difference between the K function for the cases and the controls was then plotted against distance. This was then compared with random expectation based on simulated results. For the latter, the grid references of the cases and controls are randomly permuted 99 times and K functions estimated for each simulation. The results of this were plotted as a simulation envelope and any deviation of the observed difference function: K s cases-K s controls above this envelope indicates significant clustering of cases relative to controls. The analysis was conducted using the routine SPLANCS 22 run within S Plus.
Analysis for Space/Time Clustering
This was undertaken using a variation of Knox's method for space time clustering. 23 This variation was based on that used for assessing spatial clustering as above. For the cases, the time function K t was calculated as the mean number of events within a given time (in months) from the onset in each case. The function K (s,t) then is the expected number of events within distance s and time interval t of an arbitrary event, scaled by both the expected number of events per unit area and per unit time. If the processes operating in time and space are independent (i.e. no space time interaction), then K (s,t) should be just the product of the two K functions, the one on space K (s) and the other in time K (t) . In all, 99 simulations based on random occurrence in time of the case onsets were undertaken. For each simulation the function D (s,t) was estimated as the value K (s,t) -K (s) .K (t) . The sum of this function, Dsum, over all s and t of D (s,t) may be estimated from the data and the simulations. The mean value for this statistic over all the simulations should be zero. A histogram is then plotted of the frequencies of Dsum for the simulated data; and the observed value of Dsum compared with the range of simulated values. A value to the right of the upper 95% ile of the simulated results would suggest space time clustering. 20, 21 Three dimensional plots of D (s,t) were derived to examine for peaks at particular spatial and temporal separations. These analyses were also undertaken using SPLANCS.
RESULTS
Between 1990 and 1992 there were 687 new onsets of inflammatory polyarthritis registered with NOAR from a target population of 413 421 adults aged 16 and over, equivalent to a crude incidence density rate of 55 per 100 000 person years. In all, 345 (50.2%) of these satisfied the 1987 ARA criteria for RA, and the remainder were classified as UIP.
Time Clustering
The distribution by month of the number of cases of RA and UIP, separately and combined is shown in Figure 1 and the 3-year aggregated data are shown in Figure 2 . As expected due to small numbers there was monthly variation but no evidence of any obvious peak period of onset during the 36-month period. The 3-year aggregated data suggest peaks of RA onset in April and October but this was not consistent for all the 3 years. Formal statistical testing for all the distributions shown did not show any significant deviation from random expectation, (all P Ͼ 0.05).
Space Clustering
The number of cases of RA, UIP and all cases and the age sex adjusted incidence rates by postcode are shown in Table 1 . There was, as expected given the small numbers, wide variation in incidence between the postcode areas with no evidence of adjacent postcode areas having similar high or low risks. As an example, the data for all cases are shown in Figure 3 plotted as standardized registration ratios, taking the incidence for the whole area as 100.
The results of the formal analysis for spatial clustering for all cases are presented separately for six regions within the NOAR area (Figure 4 ). For the main urban area of Norwich, the northern, southern, and southeastern areas there was no evidence of clustering ( Figure 5 ). In two areas: the northwest and around the small market town of Dereham, there was evidence of non-random distribution above the simulation envelope ( Figure 5 ). In the northwest this excess was consistent across the range of distances considered.
Space/Time Clustering
The results were the same for the RA, UIP and the total group, and data are therefore only presented for this latter group. The D plot ( Figure 6 ) shows no clear evidence of a space time peak. The results of the simulation (Figure 7) show that the data statistic (Dsum) for the observed distribution in time/space was to the left of zero and clearly within the simulated range.
DISCUSSION
These data showed no evidence of a consistent seasonal variation in onset of disease and no suggestion of any localized 'epidemic' in time. Consistent with this was the absence of any non-random clustering in time and space. By contrast there was some indication of spatial clustering in the areas in the northwest of the study area as a whole. These areas, one rural and the other around a market town, are contiguous.
It is perhaps appropriate to speculate about the type of environmental influences that might be associated with spatial but not temporal clustering. This observation might argue against an acute epidemic infectious agent being responsible with a short incubation period between infection and disease. Conversely, these data would be compatible with non-random distribution within the study area of a more 'endemic' agent. It would thus be useful to have information on latency between exposure to any putative infectious agents and disease onset. There are some indirect data suggesting a latency between exposure and RA development. Thus the presence of rheumatoid factor has been documented many years prior to clinical onset of disease. 24, 25 By contrast though, there are case reports suggesting acute disease onset following a point exposure such as immunization. 26 In this study, 'place' was defined as residence at the time of symptoms onset with the likelihood that migration after significant exposure would be missed. In this area of the UK, population migration is, however, very low and it is likely that most cases had been resident at their current address for many years.
There are other methodological issues to be addressed in this type of study. Firstly case ascertainment was based on patients seeking attention within primary care and the GP then notifying NOAR. Although NOAR has an advantage over other published incidence studies based on attendance at a specialist clinic, there is clearly a Directly standardized to the whole adult population of the Norwich Health Authority.
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the possibility that some patients do not seek medical care for their joint swelling. In the UK access to medical care is traditionally via the GP and it is unlikely that patients were diagnosed elsewhere. A potentially greater problem is of differential compliance by the participating GPs which might be sufficient to explain the spatial patterns observed. It is clearly difficult to separate out practices with very high compliance rates from those with a true high incidence. NOAR did however chase up all local hospitals to detect any hospital referred cases that had not been notified and these were then registered retrospectively. The GPs were aware of this dual system and some (anecdotally) saw referral as a substitute for direct notification. Interestingly in the northwest area, with the greatest evidence of non-random clustering, the observed distribution was above the simulated 'envelope', virtually for the entire distance considered ( Figure 5 ) and covered a number of different general practices.
The data on postcode-specific incidence rates were adjusted for age and sex, although this adjustment made little difference given the similarity in population structures. One problem with such adjustment is that it might mask clusters specific to one sex or age group though the numbers of this analysis would have insufficient power to exclude this possibility.
Rheumatoid arthritis itself is a somewhat arbitrary diagnosis. There are many causes of inflammatory joint disease and the established criteria 17 are not really designed for classification of new onset joint disease. 27 It is for this reason that we undertook the analyses for all the cases combined and then separately for those that did and did not satisfy standard criteria with similar results. Even within these groups, disease is clinically heterogeneous and there may be other trends within the data that exist with specific subgroups of the disease. Further subgroup analyses were therefore attempted, restricting analysis to those who were rheumatoid factor positive. The results were similar to those for the RA group as a whole. Such a result is not surprising given the major role of rheumatoid factor positivity in the classification of RA.
In conclusion, data are presented on a unique cohort of prospectively ascertained cases of polyarthritis from a large catchment population. There was no evidence of time or seasonal clustering of incident cases of RA within the study area. There was evidence of time-independent spatial clustering within the northwest part of the study area. Further investigations will be initiated into local factors which might explain this finding. 
